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䞨ⴀᯠॆਸ⢙ NaFe(HPO4)2Ǆ䈕ᲦփѪᆚᲦ 䟷ˈ⭘⸙䱥(1 0 0, 0 -1 0, 0 0 -1)䀓᷀ަ
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Zeolites have been widely used in the petrochemical industry, industry of fine 
chemicals, and environmental industry, due to their outstanding catalytic, separation, 
and ion-exchange properties. Germanates and phosphates, as two young members of 
zeolites, have made great progress during the past two decades. However, 
germanophosphate, DV WKH FRPELQDWLRQ RI JHUPDQDWH DQG SKRVSKDWH KDYHQ¶W EHHQ
fully exploited. Because germanate and phosphate have rich structure types and 
transition metal can provide interesting optical, electrical, and magnetical properties, 
this thesis focused on the synthesis of transitional germanophosphate. 
In this work, solvothermal synthesis was applied to explore the transition mental 
germanophosphate system. Two kinds of transition mental germanophosphates 
MII4(H2O)4[Ge(OH)2(HPO4)2(PO4)2](MII = Mn, Fe, Co), (NH4)2{[Mn2(HPO4)][Ge- 
(OH)2(PO4)2]}, and a novel iron phosphate NaFe(HPO4)2 have been synthesized with 
new structure types. Triethylamine play an important role in the formation of these 
compounds. The crystal structure, chemical composition, morphology, thermal 
stability, and valence state of iron were characterized by employing Powder X-ray 
Diffraction (PXRD), single X-ray diffraction, Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES), Scanning Electron Microscopy (SEM) and 
Energy Dispersive X-ray Analysis (EDX), Thermogravimetry-Differential Thermal 
Analyses, Infrared Spectroscopy (IR), magnetic susceptibility, and Mössbauer 
Spectroscopy. The main conclusions are listed as following, 
1. A new class of germanophosphates MII4(H2O)4[Ge(OH)2(HPO4)2(PO4)2] (MII 
=Mn, Fe, Co) have been synthesized by solvothermal method. In their crystal 
structure, MO6 octahedra connect to each other by edge sharing with a 
³WUDQV-skew-trans-VNHZ´PDQQHU to form one dimensional zig-zag metal chains which 
are further interconnected by [GeP4O14(OH)4]8í pentamers, resulting in a 
three-dimensional framework structure with 8-membered ring channels running 














octahedron linked by its four equatorial vertices to four PO4 tetrahedra via common 
O-corners is the first time to be observed in the germanophosphate system. The 
edge-sharing MIIO6-octahedral chains lead to interesting magnetic properties. These 
two germanophosphates exhibit a paramagnetic to antiferromagnetic transition at low 
temperatures. The divalent state of iron in the iron compound has been confirmed by 
thermal analysis, magnetic measurement, and mössbauer spectroscopy. It is needed to 
note that the reductive reactants, Fe powder and triethylamine, play an important role 
to obtain the Fe2+-compound. 
2.  A novel ammonium manganese germanophosphate (NH4)2{[Mn2(HPO4)]- 
[Ge(OH)2(PO4)2]} has been synthesized under solvothermal condition. In the crystal 
structure, the Mn±O±P layers are interconnected by Ge±O±P chains to form 3-D 
framework structure with 12-membered ring channels running parallel to the a-axis. 
The Mn±O±P layer is built from edge-sharing MnO6 octahedral chains bridging by 
MnO5 trigonal bipyramids alternately at both side via O-corners, which are further 
interconnected by HPO4 tetrahedra. While Ge±O±P chain is constructed from 
corner-sharing GeO6 octahedra decorated by PO4 tetrahedra sitting at both sides 
symmetrically via O-corners. A weak antiferromagnetic correlation was found. The 
crystal structure may have superstructure because of the disorder arrangement of the 
PO4 groups in the Mn±O±P layers and several additional weak reflections appearing 
in the observed powder pattern compared with the theoretical PXRD pattern. 
3. A novel iron phosphate had been synthesized as a by-product while exploring 
the Na2O±Fe2O3±GeO2±P2O5±H2O system. A twin matrix (1 0 0, 0 -1 0, 0 0 -1) was 
used to solve the structure of the twin crystal. In the crystal structure, FeO6 octahedra 
and PO3(OH) tetrahedra connect to each other in turn, resulting in a three-dimensional 
structure with 8-membered ring channels running along [101]. Na+ cations locate in 
8-membered ring channels. Magnetic measurement exhibits a paramagnetic to 
antiferromagnetic transition at low temperatures and confirms the Fe3+ valence state. 
4. The structure chemistry of germanophosphate has been studied. The studies 
indicate that the germanophosphate system may have bright future due to its structure 
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1,3-PAD C3H10N2 1,3-propanediamine 1,3-щҼ㜪 
APEN C8H22N4 N,N'-Bis(3-aminopropyl)ethylenediamine N,N' -ৼ (3-≘щ
ส)҉Ҽ㜪 
BTC C9H6O6 1,3,5-benzenetricaboxylic acid 1,3,5-൷㤟й㗗䞨 
DIEN C4H13N3 diethylenetriamine Ҽ҉✟й㜪 
DAB C4H12N2 1,4-diaminobutane 1,4-бҼ㜪 
DABCO C6H12N2 triethylenediamine й҉✟Ҽ㜪 
DACH C6H14N2 1,4-diaminocyclohexane 1,4-⧟ᐡҼ㜪 
DAPe C5H14N2 1,5-diaminopentane 1,5-ᠺҼ㜪 
DMA C2H7N dimethylamine Ҽ⭢㜪 
DMF C3H7NO N,N-dimethylformamide N,N-Ҽ⭢ส⭢䞠
㜪 
EN C2H8N2 ethylenediamine ҉Ҽ㜪 
MPMD C6H16N2 2-methylpentamethylenediamine 2-⭢ส-1,5-ᠺҼ㜪 
TEA (C2H5)3N triethylamine й҉㜪 




PXRD Powder X-ray Diffraction ㊹ᵛ X-ሴ㓯㹽ሴ 
TG Thermogravimetry ✝ཡ䟽 
DTA Differential Thermal Analysis ᐞ✝࠶᷀ 
IR Infrared Spectroscopy 㓒ཆݹ䉡࠶᷀ 
SEM Scanning Electron Microscopy ᢛ᧿⭥ᆀᱮᗞᢰᵟ 
EDX Energy Dispersive X-ray Spectroscopy 㜭䉡࠶᷀ 
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